Background Although interpersonal violence (''assault'') exists in every society, the World Health Organization (WHO) estimated that 90 % of the exposure burden occurs in low-and middle-income countries. The objectives of this study were to define the incidence of assault-related injuries among subjects presenting for emergency room care secondary to sustained trauma in Lilongwe, Malawi; to measure the impact of sex on incidence, injury type, and care received; and to measure the effect of both sex and geographic location of the injury on time to presentation for medical care. Methods This is a retrospective cohort analysis of data prospectively collected in the Kamuzu Central Hospital Trauma Surveillance Registry from July 2008 to December 2010 (n = 23,625). We used univariate, bivariate, and logistic regression analyses to measure association of sex with variables of interest, and geospatial mapping to evaluate the association of location of assault on time to presentation for care. Results The mean age of our trauma cohort was 27.7 years. Assaults accounted for 26.8 % of all injuries. Of those assaulted, 21.0 % (1299) were female, who were younger (26.2 vs. 28.1 years, p \ 0.001), more likely to arrive to the hospital by minibus (p \ 0.001), and less likely to arrive by police (p \ 0.001). Altogether 62 % of the females were assaulted in their homes-much more often than their male counterparts (p \ 0.001). Females were more likely to sustain contusions (p \ 0.001) and males more likely to have lacerations and penetrating stab wounds (p \ 0.001) or head injury (p \ 0.001). Females had delayed hospital presentation following assault (p = 0.001) and were more likely to be treated as outpatients after adjusting for age, injury type, and injury location (adjusted odds ratio 1.74, 95 % CI 1.3-2.3, p \ 0.001). Assaults clustered geographically in the Lilongwe district. Delayed presentation of females occurred irrespective of proximity to the hospital. Conclusions This study brings attention to sex differences in assault victims. A prevention strategy focusing on sex roles and domestic abuse of women is paramount. Efforts are needed to stop dischargin female assault victims back into a potentially unsafe, abusive environment.
Introduction
Interpersonal violence is a worldwide phenomenon. The World Health Assembly and the World Health Organization (WHO) have declared it a major public health issue, particularly in vulnerable populations such as women, children, and the poor [1, 2] . The WHO estimates that 1.6 million people die annually from acts of violence, and millions more suffer nonfatal injuries [3] [4] [5] . An estimated 4,400 people die every day because of intentional acts of violence, categorized as self-directed, interpersonal, or collective, with 90 % of these occurring in low-and middle-income countries (LMICs). The associated violencerelated mortality and morbidity in LMICs is 2.5 times higher than in high-income countries [1, 3, 6] .
In sub-Saharan Africa, violence-related injury rates range from 22.5 % in Cameroon to 48.0 % in Ethiopia, often constituting the most common mechanism of all injuries presenting to health care facilities [7] [8] [9] . In South Africa, the burden of injury attributable to interpersonal violence is estimated at 1.0 million disability adjusted life years, and this does not account for the psychosocial and long-term health sequelae [1, 5, 6, 10, 11] .
The paucity of accurate data, compounded by the associated stigma of self-reporting, particularly in LMICs, creates challenges in the measurement of the true impact of violence in health and economic terms. Hence, available data are likely to underestimate the magnitude of the problem [9] .
The objectives of this study were to (1) define the incidence of assault-related injuries among subjects presenting for emergency room care secondary to sustained trauma in Lilongwe, Malawi; (2) measure the impact of sex on incidence, injury type, and care received; and (3) measure the effect of both sex and geographic location of the injury on the time to presentation for medical care.
Methods
This study encompasses a secondary analysis of prospectively collected hospital-based trauma registry data that had been described previously [12] . We included all subjects who presented to the Kamuzu Central Hospital (KCH) Emergency Department with assault-related trauma between July 2008 and December 2010. Malawian clerks collected demographic and injury-specific data at the time of admission (Table 1) including residence location (i.e. the area and district of residence of the injured patient). Injury setting includes the setting where the assault took place and is defined as the home, road/street, public building, work, school, other. We also recorded the area/ district/village where the assault occurred. Date and time of day and the type of injury were recorded. Injury type was defined as laceration, contusion, abrasion, stab/penetrating, or fracture. Injury location was the variable used to designate the body location encompassing the primary site of the injury. Occupation, age, and sex of the patient are self-explanatory. Mode of transportation to the hospital included police, ambulance, personal vehicle, minibus, motorcycle, bicycle, or on foot. Disposition from the emergency room was defined as discharged from casualty, admitted to floor bed, admitted to high density unit, admitted to intensive care unit, died in casualty department, or brought in dead. Both the University of North Carolina (UNC) institutional review board and the National Health Sciences Research Committee of Malawi (NHSRC) approved this study.
Statistical analysis
We performed univariate and bivariate analyses of the following variables of interest: subject's sex, employment status, geographic residence, geographic setting of the injury, anatomic location of the injury, injury type, and clinical disposition (defined as admitted or discharged). Pearson's v 2 , Student's t test, and the Wilcoxon rank-sum tests were used for statistical analyses where appropriate. Logistic regression was used to examine the relation between sex and discharge from the hospital, adjusting for the variables identified to be potential confounders in our bivariate analysis. The variables included in our model were age, injury type, injury location (anatomic), and injury setting (geographic). Result are reported as the odds ratio (OR) and 95 % confidence interval (CI), with p \ 0.05 considered statistically significant (Stata 11; Stata, College Station, TX, USA).
Geographic basis and spatial analysis
Finally, to examine the association between geographic location of the injury and time to presentation for medical care, assault data were grouped according to geographic area and incorporated into an existing geographic information system of Lilongwe District. Lilongwe city is divided into administrative wards and rural Lilongwe is divided into Traditional Authorities (TAs), both referred to as areas. Geospatial maps were generated to examine qualitatively the distribution of assaults for both males and females across Lilongwe district.
Results
Of the 23,625 subjects included in the trauma registry during the study period, 6,184 patients (26.8 %) met inclusion criteria for our analysis. There were 4,869 males (78.7 %) and 1,299 females (21.0 %) ( Table 1) .
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Injury environment
Female subjects were significantly more likely to be housewives (26.2 %), followed by small business owners (17.6 %), unemployed (17.4 %), or students (12.9 %). Of the subset identified as students, females were significantly more likely to be assaulted (12. Overall, most subjects arrived at the hospital by private vehicle (47.7 %), evenly distributed between males and females. In contrast, female subjects were significantly more likely to be transported to the hospital by minibus (public transportation) (29.5 vs. 19.5 %; OR 1.75, CI 1.41-2.23, p \ 0.001) and less likely by police (7.2 vs. 11.5 %; OR 0.60, CI 0.47-0.76, p \ 0.001) than females. Males were more likely to present at the hospital earlier than females (3.2 vs. 3.8 h, p \ 0.001), and there was a significantly longer time to presentation for women who were assaulted in the home compared with other assault victims (4.0 vs. 3.1 h, p \ 0.001).
Injury types, location, and disposition
The most common injuries were lacerations (50.9 %), which were significantly less common in females than males (36.8 vs. 54.7 %; OR 0.48, CI 0.43-0.55, p \ 0.001), followed by contusions (28.9 %), which were significantly more common in females than males (45.2 vs. 24.5 %; OR 2.6, CI 2.3-3.0, p \ 0.001). The majority of injuries involved the head and face (54.2 %), and males had a higher percentage of injuries to the head (34.6 vs. 24.2 %; OR 2.21, CI 1.54-3.14, p \ 0.001), whereas females had a higher percentage of injuries to the chest (7.6 vs. 5.8 %; OR 1.37, CI 1.07-1.74, p = 0.01), abdomen (5.1 vs. 2.7 %; OR 1.94, CI 1.42-2.66, p \ 0.001), and neck (4.2 vs. 2.0 %; OR 2.21, CI 1.54-3.14, p \ 0.001).
Only 10.5 % (n = 647) of subjects were admitted to the hospital. Females were significantly more likely to be discharged from the emergency department than males (91.1 vs. 85.5 %; OR 1.77, 95 % CI 1.41-2.23, p \ 0.001).
Multivariate logistic regression model
After adjusting for age, injury setting, injury type, and body location, females remained significantly more likely to be discharged from the emergency department than male subjects [adjusted OR (AOR) 1.91, CI 1.43-2.54, p \ 0.001].
Geographic distribution
The majority of reported cases occurred within Lilongwe district, with 10 female assaults and 59 male assaults reported from other districts. Geographic location of assault was unavailable for 30 % of the cohort, and residential area was unavailable for 28 %. All maps represent assaults as delineated by their location (area) of occurrence.
Both male and female assaults occurred in most areas. The concentration of assaults varied spatially, with the highest counts occurring in Lilongwe city (Fig. 1 ). There were spatial similarities between high male and female assault rates. Two areas had male and female assault rates of 50 or more assaults per 1,000 people. One area had a male assault rate of C50 per thousand males and C20 per thousand females. The area-level average time to presentation for female and male assaults was also compared (Fig. 2) . There is a striking difference between female and male average times to presentation. Most notable were two areas with an average of [100 h for female assault victims to present at the hospital, whereas the average time for males never exceeded 100 h. The average time to presentation for male assaults was highest at approximately 50 h. Two areas with prolonged time to presentation, taking [50 and [20 h, respectively, were adjacent to the area where KCH is located.
The ratio of female assaults occurring in the home/total female assaults was [0.5 for most areas with a reported case (Fig. 3) . High ratios occurred in both rural and urban areas and appeared to cluster geographically. However, it should also be noted that half of the areas with a ratio of 1.0 reported a single assault. Despite this limitation, the spatial patterns of high ratios of assaults in the home suggest that further spatial analysis to characterize the significance of these clusters could shed light on neighborhood effects.
Discussion
This study highlights the poignant differences in assault patterns between males and females in Malawi. Similar to other studies within this region, assault was the secondmost common mechanism of trauma injuries, and there was Fig. 1 Distribution of assaults on female and male patients in the areas in and around Lilongwe Fig. 2 Geospatial distribution of female and male patients with respect to time between injury and presentation to the hospital a male predominance in patients presenting with assaultrelated injuries [7] [8] [9] [13] [14] [15] .
In our study population, 62 % of women were assaulted at home versus only 27 % of males. This finding suggests intimate partner violence (IPV), a reality of the abuse and suffering endured by women in LMICs, specifically in subSaharan Africa. IPV is the most common type of violence against women, with data indicating that between 10 and 75 % of women report having been physically assaulted by an intimate partner during their lifetime [1, 5, 6, 11] . In South Africa and Egypt, nearly half of all murders of females are associated with IPV, representing the highest mortality rate from IPV in the world [2, 5, 10] .
Factors associated with increased risk of IPV correlate with the presence of sociocultural norms that allow tolerance of subordination of women, early sexual intercourse and marriage for girls, increased parity, and polygamous relationships amidst extreme poverty [11, [15] [16] [17] . In Malawi, 34 % of mothers are teenagers, the average number of children per mother ranges from 7.7 (lowest wealth quartile) to 4.4 in the wealthiest quartile, and 20 % of women marry into a polygamous relationship [3, 15, 18] . In Malawi, one in five women experience physical IPV, one in ten experience sexual or emotional IPV, and 70 % of Malawian women consider violence against women to be a serious problem in their community [11] . However, only 17-27 % of Malawian women know the illegality of various types of abuse. When surveyed, 30 % of women and 20 % of men justify the abuse of women for reasons such as burning food and neglecting the children [11, 19] .
As with all forms of violence, the consequences of IPV are more far reaching than the direct morbidity and mortality they cause, leading to psychological and behavioral problems and chronic medical conditions. They propagate a cycle of abusive behavior, thus increasing health care costs and economic losses due to decreased productivity [1, 20] .
Role of the health care provider Victims of IPV are more likely to report abuse to a health care provider than to the police [9, 11, [21] [22] [23] [24] . In LMICs, only 4-25 % of female victims report the abuse to police, and only 7 % of those cases result in custodial sentences [11, 25] . Health care providers are uniquely positioned to intervene and attenuate the cycle of abuse. Hence, they should be trained to screen, identify, and treat IPV as part of a comprehensive violence prevention and management plan [1, 11] . We found that almost all of our female patients were immediately discharged home-back into the same environment where the initial assault occurred. The lack of services directed toward identifying and preventing IPV indicates a distinct unmet need at KCH.
Effects of community
Based on our geospatial mapping analysis, there were areas in Lilongwe with significantly high ratios of women assaulted in their homes. Geographic concentrations of poverty are associated with family disruption, community disorganization, and increased levels of unemployment as well as social acceptance of violence [2, 10, 19, 26, 27] . Therefore, evaluating the location of violent acts highlights an opportunity for targeted injury prevention programs that address the determinants of interpersonal violence. Specific health system changes that need to be implemented include strengthening the social support services for victims and focusing on community education in places where the risk of IPV is likely.
Limitations
Our data are hospital-based, making it difficult to calculate total burden of disease from intentional injuries. We also had to contend with missing data for our geospatial analysis. Therefore, this analysis presents merely a guide for future geospatial research that could lead toward more community-based interventions. However, the clear geographic patterns of the incidence of abuse, as well as the delay in presentation, warrant further investigation, which is currently ongoing at our institution. 
Conclusions
The issue of IPV must resonate at the highest level of government in sub-Saharan African countries, This is particularly needed in a country such as Malawi, where President Joyce Banda-herself a survivor of a physically abusive marriage and long-time women's rights activist and leader-has taken over the reigns of government [28] [29] [30] [31] . Violence, including domestic violence, deprives women of their ability to achieve their full potential by threatening their safety, freedom, and autonomy. It will be difficult to alleviate global poverty and ultimately improve human heath indices unless women are empowered. Reducing rates of IPV requires multilevel prevention strategies and approaches that emphasize the education of the populace, particularly women, while recognizing the differing interests, live realities, and contradictions among women of different social class, religious, and cultural backgrounds [1] . Furthermore, as health care providers we must identify victims by actively screening cases of suspected IPV and utilize surveillance data and geospatial analysis to inform health and legislative policy-setting priorities to ensure effective allocation of limited resources [5] .
